Abstract. The present study reports the case of a patient that developed spontaneous perirenal hematoma during treatment with bevacizumab-containing chemotherapy. A 44-year-old woman with metastatic sigmoid colon cancer, who was being treated with bevacizumab (5 mg/kg, intravenous, 90 min biweekly), was admitted to hospital following 3 cycles of chemotherapy, with a sudden onset of dyspnea and oliguria. An emergency hemodialysis was performed and a large right perirenal hematoma was diagnosed using computed tomography. The patient was immediately instructed to discontinue chemotherapy, including bevacizumab. However, the right perirenal hematoma increased in size and a left perirenal hematoma developed 3 weeks later. The two perirenal hematomas stabilized 7 weeks subsequent to the termination of bevacizumab treatment. Spontaneous perirenal hematoma due to bevacizumab treatment is an extremely rare occurrence. However, physicians should be aware of this potential complication associated with bevacizumab treatment.
Introduction
Bevacizumab is a recombinant humanized monoclonal antibody that prevents tumor angiogenesis by inhibiting vascular endothelial growth factor (VEGF) (1) . Bevacizumab is widely used in the treatment of a variety of advanced solid tumors, including colorectal cancer (CRC), non-small cell lung cancer (NSCLC), breast cancer and renal cell cancer (RCC).
The adverse-effect profile of bevacizumab is different compared with traditional cytotoxic chemotherapy agents (2) . Bone marrow suppression and gastrointestinal (GI) toxicity are commonly associated with chemotherapy; by contrast, frequently reported adverse effects of bevacizumab include hypertension, proteinuria and epistaxis (2) . Bevacizumab is also associated with other serious side effects, such as hemorrhage, GI tract perforation, wound dehiscence, arterial and venous thromboembolism, hypertensive crisis, reversible posterior leukoencephalopathy, neutropenia, infections, nephritic syndrome and congestive heart failure (3). The importance of bevacizumab-associated hemorrhage is highlighted by the Food and Drug Administration (FDA)-issued black box warning, which recognizes that in patients with NSCLC treated with bevacizumab-containing chemotherapy, fatal pulmonary hemorrhage may occur. However, little is known regarding spontaneous perirenal hematoma associated with bevacizumab treatment. To date, only one case has been reported in the literature (4). The patient was treated with bevacizumab (5 mg/kg, intravenous, 90 min biweekly), but developed perirenal hematoma after 11 cycles of chemotherapy (4) . The patient received a conservative treatment approach and experienced symptomatic improvement (4) .
The present study reports the case of a 44-year-old woman that developed a perirenal hematoma during treatment with bevacizumab-containing chemotherapy for colon cancer.
Case report
In April 2012, a 44-year-old woman presented at Soonchunhyang University Bucheon Hospital (Bucheon, Korea) emergency room suffering with hematochezia and abdominal pain for 10 days. Contrast-enhanced computed tomography (CT) and colonoscopy revealed a diffuse wall thickening on the proximal sigmoid colon with metastasis to the lungs, peritoneum, T2 vertebrae, retroperitoneum and hilar, and subcarinal lymph nodes. The patient was diagnosed with sigmoid colon cancer [poorly-differentiated adenocarcinoma; stage IV, pT3N2M1 (5); epidermal growth factor receptor 3 + /Kirsten ras (KRAS)-wild-type] with metastasis to the lungs, peritoneum, T2 vertebrae, retroperitoneum and hilar and subcarinal lymph nodes. The patient underwent a palliative anterior resection for a partial colon obstruction. Prior to the initiation of chemotherapy, baseline CT scans were obtained 4 weeks subsequent to surgery and no evidence of perirenal hematoma was observed (Fig. 1) . Palliative chemotherapy consisting of the oxaliplatin (85 mg/m 2 , intravenous, 120 min biweekly), leucovorin (400 mg/m 2 , intravenous, 120 min biweekly) and 5-fluorouracil (2,400 mg/m 2 , intravenous, 44 h biweekly) (FOLFOX6) regimen was administered, and bevacizumab (5 mg/kg every 2 weeks) was added to the treatment regimen following the first cycle of FOLFOX6. At the fourth cycle of chemotherapy (June 2015), the patient presented with dyspnea and oliguria. The chemotherapy cycle was delayed, and laboratory tests were performed to identify the cause of the symptoms. Blood test results revealed that the patient had an elevated level of white blood cells (10.86x10 9 cells/l; normal range, 4-10x10 9 cells/l) and C-reactive protein (49 mg/l; normal range, 0-5 mg/l), suggesting an underlying inflammatory condition. In addition, the patient had a serum urea nitrogen level of 17.8 mmol/l (normal range, 2.9-7.1 nmol/l), creatinine level of 530.4 µmol/l (normal range, 53-115 µmol/l) and potassium level of 5.9 mmol/l (normal range, 3.5-5.5 nmol/l). Sodium (133 mmol/l; normal range, 133-142 mmol/l) and chloride (99 mmol/l; normal range, 98-110 mmol/l) levels were normal, and the patient exhibited no signs of proteinuria. An arterial blood gas analysis revealed compensated metabolic acidosis with hypoxia. Chest radiography revealed that the patient had pulmonary congestion and pleural effusion. Consequently, emergency hemodialysis was initiated.
Following hemodialysis, the general condition of the patient improved. A CT scan revealed the presence of a large right perirenal hematoma, 11.2x9.7 cm in size, with no evidence of active bleeding (Fig. 2) . The hematoma contained fluid and high-density amorphous materials. The patient was treated conservatively, including bed rest, a blood transfusion with 6 units of packed red blood cells, hemodialysis and prophylactic antibiotic therapy with close monitoring. A follow-up CT scan 3 weeks subsequent to hemodialysis revealed that the right perirenal hematoma had increased in size and a left perirenal hematoma with renal parenchyma disruption and laceration had developed (Fig. 3) . The patient underwent ultrasonography-guided percutaneous catheter drainage for the right perirenal hematoma. However, intervention on the left side was terminated, due to the patient exhibiting unstable vital signs [systolic blood pressure, 192 mmHg (normal range <120 mmHg); heart rate, 130 beats/min (normal range, 60-100 beats/min); blood oxygen saturation, 79% (normal range, 95-100%)]. An additional CT scan was performed 4 weeks subsequent to the previous CT scan, 7 weeks subsequent to the termination of bevacizumab treatment, which demonstrated that neither of the perirenal hematomas had progressed in size (Fig. 4) . The patient received the best supportive care, but succumbed 4 weeks later to the rapidly progressing cancer. 
Discussion
Perirenal hematomas commonly arise from a traumatic renal injury (4). However, spontaneous perirenal hematomas are rare (4) . In a meta-analysis of 47 publications and 165 cases in 2002, Zhang et al (6) analyzed the etiology of spontaneous perirenal hematomas. The most common etiology was malignancy, including renal cell carcinoma in 33.3% of cases, followed by a non-malignant tumor, including angiomyolipoma in 24.4% of the cases, an arteriovenous malformation in 17.9% of the cases, an infection in 10.3%, of the cases, nephritis in 5.1% of the cases and hematological disease in 5.1% of the cases. There are a few cases of perirenal hematomas that are idiopathic (7) . Among dialysis patients, spontaneous perirenal hematomas have been infrequently reported in the literature. It is possible that hemorrhage may occur as a result of acquired cystic change (8) . The present patient had no pathological renal conditions, including renal primary cancer, renal metastasis, vascular diseases and acquired cystic kidney disease.
Bevacizumab was the first anti-angiogenic agent approved for use in cancer by the USA FDA in 2004 (9) . Angiogenesis inhibitors, in particular inhibitors of the VEGF pathway, have been associated with significant bleeding complications (9) . In a meta-analysis of 20 randomized controlled trials, which consisted of 12,617 patients with a variety of solid tumors, bevacizumab was identified to significantly increase the risk of bleeding, with a relative risk (RR) of 2.48 [95% confidence interval (CI), 1.93-3.18] compared with control groups (10). However, among the various bleeding complications associated with bevacizumab treatment, perirenal hematoma has only been previously reported by one study. Hayashi et al (4) reported a case of a 59-year-old woman with metastatic rectal cancer treated with bevacizumab, who developed lower-back pain following 11 cycles of chemotherapy. A CT scan revealed the presence of a perirenal hematoma, and the discontinuation of bevacizumab treatment resulted in an improvement of symptoms.
Consequently, there have been only two reported cases of perirenal hematoma in patients undergoing bevacizumab treatment, including the present case. In the two studies, the patients were diagnosed with metastatic colon cancer. The present study hypothesizes that the occurrence of spontaneous perirenal hematoma associated with bevacizumab treatment, which is a rare event, may be due to the high relative risk of bleeding in colorectal cancer. Patients with other tumors may be at a different risk of bleeding, due to variations in tumor biology and treatments. In a previous meta-analysis, the risk of high-grade bleeding associated with bevacizumab treatment was relatively increased in patients with NSCLC (RR, 3.41; 95% CI, 1.68-6.91), RCC (RR, 6.37; 95% CI, 1.43-28.33) and CRC (RR, 9.11; 95% CI, 1.70-48.79) compared with metastatic breast cancer (RR, 1.33; 95% CI, 0.32-5.46) and metastatic pancreatic cancer (RR, 1.54; 95% CI, 0.51-4.64) (11) .
The most common symptom of perirenal hematoma is flank pain (6) . However, the initial presenting symptom of the present patient was oliguria. Therefore, the cause of the acute renal failure (ARF) of the present patient was unclear. In total, 2 weeks prior to presentation, the creatinine levels of the patient were normal, but then abruptly increased. Perirenal hematoma is known to cause ARF (12,13). There was little evidence to suspect any other cause for the sudden elevation in creatinine levels.
Therefore, the present study concluded that the massive perirenal hematoma likely contributed to the ARF in the present study.
Notably, in the present study, following the discontinuation of bevacizumab treatment, the perirenal hematoma increased in size and a novel perirenal hematoma developed. According to pharmacokinetic studies of bevacizumab, the half-life of bevacizumab is relatively long; the mean half-life of bevacizumab is ~21 days, but the range varies between 11 and 50 days (14) . Considering that the two perirenal hematomas observed in the present patient did not stabilize until 7 weeks subsequent to the cessation of treatment, the present study hypothesizes that the residual circulating bevacizumab aggravated the perirenal hematomas up to 7 weeks following the cessation of treatment.
Overall, the present study concludes that bevacizumab is likely to have contributed to the development of the perirenal hematoma. Although the development of a spontaneous perirenal hematoma caused by bevacizumab treatment is an extremely rare event, it may lead to serious complications. Furthermore, due to the perirenal hematoma and ARF, the patient in the present study could not receive any additional chemotherapy and the patient succumbed to uncontrolled colon cancer.
In conclusion, patients undergoing bevacizumab treatment for cancer should be closely monitored for bleeding complications. In particular, when colorectal cancer patients receive bevacizumab-containing chemotherapy, physicians should be aware of unusual bleeding complications, including perirenal hematomas.
